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PROBLEM TO BE SOLVED: To provide a novel composite material impregnated with 
highly oxidation resistant Si improved on oxidation resistance at an elevated 
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SOLUTION: This composite material impregnated with the highly oxidatioii 
resistant Si consists of a yarn array body, an Si-SiC-base material phase 5 
which is formed by melting metal silicon, silicon carbide and boron carbide to \ 
impregnate the inside of the open cells of a fired body obtained by molding and 
firing the yarn array body, etc., by using a binder containing none of the 
metal silicon, silicon carbide and boron carbide, with the metal silicon, 5. 
silicon carbide and boron carbide, a skeletal part mainly consisting of carbon : ■ 
fibers and an Si-SiC-base material formed around the skeletal part and a matrix ; 
8 formed of the boron carbide. In this case, the matrix and the skeletal part 
are integrally formed and have a porosity of ≤ 10%. 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. ; 

3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] It consists of silicon carbide, metal silicon, carbon that consists of a carbon fiber 
substantially, and boron carbide which may be contained by the request. The frame section, It 
is the high oxidation resistance Si sinking-in composite material which has the structure which 
is formed in the perimeter of the frame section and consists of a matrix, and at least 50% of 
silicon carbide is beta mold. The frame section The Si-SiC system ingredient which consists of 
silicon carbide formed in the perimeter of a carbon fiber bundle, and the inside of a carbon 
fiber bundle or a carbon fiber bundle, and metal silicon, It is formed from the boron carbide 
which may be contained by the request. A matrix It is formed of the Si-SiC system ingredient 
which consists of silicon carbide and metal silicon, and the boron carbide which may be 
contained by the request. Said matrix and said frame section are a high oxidation resistance Si 
sinking-in composite material characterized by being formed in one and said composite 
material having 10% or less of porosity. 

[Claim 2] High oxidation resistance Si sinking-in composite material according to claim 1 with 
which said matrix is characterized by being formed along a frame section front face. 
[Claim 3] High oxidation resistance Si sinking-in composite material according to claim 1 or 2 
with which the content ratio of the silicon in the Si-SiC system ingredient formed in the inside of 
the Si-SiC system ingredient which forms said matrix, and/or a carbon fiber bundle, and/or the 
perimeter of a carbon fiber bundle is characterized by having the inclination presentation which 
rises as it separates from said frame section front face. 

[Claim 4] Said frame section Carbon components other than a carbon fiber and a carbon fiber, 
and metal silicon and/or silicon carbide, The yarn which consisted of carbon fiber bundles 
containing the boron carbide which may furthermore be contained by the request Mostly two or 
more [ at least ] yarn array objects which arranged two-dimensional and were produced in 
parallel High oxidation resistance Si sinking-in composite material given in any 1 term of claims 
1-3 characterized by manufacturing from the Plastic solid which consists of the yarn 
aggregates produced by carrying out a required-number laminating so that it may intersect 
perpendicularly by turns. 

[Claim 5] High oxidation resistance Si sinking-in composite material given in any 1 term of 
claims 1-4 characterized by forming the three-dimensional network because said matrix 
continues mutually in said high oxidation resistance Si sinking-in composite material. 
[Claim 6] High oxidation resistance Si sinking-in composite material given in any 1 term of 
claims 1-5 whose oxygen densities which 25% weight reduction within the elevated- 
temperature ambient atmosphere held at 600 degrees C produces are 1% or less. 
[Claim 7] It consists of silicon carbide, metal silicon, carbon that consists of a carbon fiber 
substantially, and silica-boron oxide. The frame section, It is the high oxidation resistance Si 
sinking-in composite material which has the becoming structure, and at least 50% of silicon 
carbide is beta mold, it forms in the perimeter of the frame section - having - a matrix - since 



http://www4.ipdl.ncipi.go.jp^ 12/20/05 



JP,2000-256064,A [CLAIMS] 



Page 2 of 2 



- the frame section The Si-SiC system ingredient which consists of silicon carbide formed in 
the perimeter of a carbon fiber bundle, and the inside of a carbon fiber bundle or a carbon fiber 
bundle, and metal silicon, It is formed from this ingredient and the silica-boron oxide phase 
constituted in one. A matrix It is formed from the Si-Si system ingredient which consists of 
silicon carbide and metal silicon, this ingredient, and the. silica-boron oxide phase constituted in 
one. Said matrix and said frame section are a high oxidation resistance Si sinking-in composite 
material characterized by being formed in one and said composite material having 10% or less 
of porosity. 

[Claim 8] Yarn and yarn which consist of a carbon fiber bundle by which the boron carbide 
which may be contained by metal silicon or silicon carbide, and request at least in the bundle 
of a carbon fiber is added, And/or, the Plastic solid fabricated using at least one kind of 
ingredient chosen from metal silicon and silicon carbide in the yarn array object and the yarn 
array object, and the binder which added the boron carbide which may be contained by the 
request, Or the process which calcinates the Plastic solid fabricated using the binder 
containing neither said metal silicon nor silicon carbide nor boron carbide, and forms a baking 
object, At least one kind of ingredient chosen as the inside of the body from metal silicon, 
silicon carbide, and boron carbide by the request is added, obtained baking - subsequently 
Passing the inert gas of 0.1 or more NLs per total indicator weight of 1 kg of the weight of a 
baking object, and the sum total weight of metal silicon and silicon .carbide contained in a 
baking object After holding whenever [ furnace temperature ] for 1 hour or more with 1 100- 
1400 degrees C and the furnace internal pressure of 0.1-10hPa,~a temperature up is carried 
out to the temperature of 1450-2500 degrees C. Inside [ of said bgfcing object ] an open pore 
Metal silicon and/or silicon carbide, While fusing the boron carbjd£ which is contained by 
request and may be, infiltrating it and making a Si-SiC system ingredient phase form The 
boron carbide which may be contained by the request is made to form in a Si-SiC system 
ingredient phase in one. A Si-SiC system ingredient phase, It is characterized by consisting of 
covering boron carbide further on the maximum front face of the process in which the matrix 
which consists of a boron carbide phase by request is made to fdrrfi ■ and the baking object 
acquired by the request. It consists of silicon carbide, metal silicon|parbon that consists of a 
carbon fiber substantially, and boron carbide which may be contained by the request. The 
frame section, It is the high oxidation resistance Si sinking-in composite material which has the 
structure which is formed in the perimeter of the frame section and consists of a matrix, and at 
least 50% of silicon carbide is beta mold. The frame section The Si-SiC system ingredient 
which consists of silicon carbide formed in the perimeter of a carbdn fiber bundle, and the 
inside of a carbon fiber bundle or a carbon fiber bundle, and meta^ilicon, It is formed from the 
boron carbide which may be contained by the request. A matrix It ls formed of the Si-SiC 
system ingredient which consists of silicon carbide and metal silicon, and the boron carbide 
which may be contained by the request. Said matrix and said frame; section are the 
manufacture approach of the high oxidation resistance Si sinking-^ composite material 
characterized by being formed in one and said composite material having 10% or less of 
porosity. 

[Claim 9] The manufacture approach of a high oxidation resistance Si sinking-in composite 
material according to claim 8 that the carbon fiber bundle to be usied was covered with 
thermoplastics, and is characterized by ****. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] ? 
[0001] 

[Field of the Invention] This invention relates to a new high oxidation resistance Si sinking-in 
composite material usable as the various members for machiningias which the oxidation 
resistance under an elevated temperature is required, i.e., the jig for metal molten metals, the 
member for grinding, various metal mold, a member for manufacturing installations, etc., and 
its manufacture approach. 
[0002] 

[Description of the Prior Art] In connection with the technological innovation in each industrial 
field, the needs for various members more usable under a high temperature service are 
increasing. The present condition is that the appearance of the ingredient which was 
lightweight as the member for heat treatment of the metal goods called for, glassware, and a 
ceramic product or a member for manufacturing installations of these products as for repeating 
a rapid temperature up and cooling and performing them, and could fabricate in the desired 
form, and was excellent in thermal shock nature especially is searched for. As an ingredient 
which fills such a demand, the various charges of ceramic lumber, carbon, the carbon fiber 
compound carbon material called the so-called C/C composite are mentioned. However, the 
charge of ceramic lumber is inferior to thermal shock resistance, and has the fault of being 
divided comparatively simply. On the other hand, although carbon, and C / C composite are 
excellent in thermal shock resistance, since an ingredient is carbo"n,-'the use ambient 
atmosphere is limited. That is, since it reacts with oxygen and bu£ns| there is a problem that it 
cannot be used at all under the ambient atmosphere in which oxygen and moisture exist. 
Therefore, the present condition is that the ingredient which combined the outstanding thermal 
shock resistance and oxidation resistance does not exist. ■{< 
[0003] 5 

[Problem(s) to be Solved by the Invention] Are usable as various members for machining more 
usable under a high temperature service. Members for heat treatment, such as metal goods 
with which repeating a rapid temperature up and cooling and performing them is called for 
especially, glassware, and a ceramic product, Or as members for "manufacturing installations, 
such as these metal goods, glassware, and a ceramic product, it isiightweight, and can 
fabricate easily in a desired form, and is in offering a new high oxidation resistance Si sinking- 
in composite material which was expensive and was excellent also in thermal shock resistance 
and its manufacture approach of the oxidation resistance under an elevated temperature. 
Furthermore, it is in offering a new high oxidation resistance Si sinking-in composite material 
which has high oxidation resistance usable also as various members used under a super- 
elevated temperature, and its manufacture approach. 
[0004] 

[Means for Solving the Problem] In order that invention-in-this-application persons may attain 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/20/05 



JP,2000-256064,A [DETAILED DESCRIPTION] Page 2 of 1 5 



the above-mentioned purpose, as a result of examining many things, it consists of silicon 
carbide, metal silicon, carbon that consists of a carbon fiber substantially, and boron carbide 
which may be contained by the request. The frame section, It is the high oxidation resistance 
Si sinking-in composite material which has the structure which is formed in the perimeter of the 
frame section and consists of a matrix, and at least 50% of silicontcarbide is beta mold. The 
frame section The Si-SiC system ingredient which consists of silicon carbide formed in the 
perimeter of a carbon fiber bundle, and the inside of a carbon fiber bundle or a carbon fiber 
bundle, and metal silicon, It is formed from the boron carbide which may be contained by the 
request. A matrix It is formed of the Si-SiC system ingredient which consists of silicon carbide 
and metal silicon, and the boron carbide which may be contained by the request. It is formed in 
[ said matrix and said frame section ] one, and said composite material completes header this 
invention for the above-mentioned purpose being attained with the high oxidation resistance Si 
sinking-in composite material which has 10% or less of porosity. 

[0005] Furthermore, yarn and yarn which consist of a carbon fiber bundle by which the boron 
carbide which may be contained by metal silicon or silicon carbide, and request at least in the 
bundle of a carbon fiber is added, And/or, the Plastic solid fabricated using at least one kind of 
ingredient chosen from metal silicon and silicon carbide in the yarn-array object and the yarn 
array object, and the binder which added the boron carbide whicK may be contained by the 
request, Or the process which calcinates the Plastic solid fabricated using the binder 
containing neither said metal silicon nor silicon carbide nor boron' carbide, and forms a baking 
object, At least one kind of ingredient chosen as the inside of the body from metal silicon, 
silicon carbide, and boron carbide by the request is added, obtained baking - subsequently 
Passing the inert gas of 0.1 or more NLs per total indicator weight pf 1 kg of the weight of a 
baking object, and the sum total weight of metal silicon and silicon carbide contained in a 
baking object After holding whenever [ furnace temperature ] for llhour or more with 1 100- 
1400 degrees C and the furnace internal pressure of 0.1-10hPa, a temperature up is carried 
out to the temperature of 1450-2500 degrees C. Inside [ of said baking object ] an open pore 
Metal silicon and/or silicon carbide, While fusing the boron carbide which is contained by 
request and may be, infiltrating it and making a Si-SiC system ingredient phase form The 
boron carbide which may be contained by the request is made to form in a Si-SiC system 
ingredient phase in one. A Si-SiC system ingredient phase, It is a making [ found out 
manufacturing the more nearly above-mentioned high oxidation resistance Si sinking-in 
composite material to consist of covering boron carbide further on the maximum front face of 
the process in which the matrix which consists of a boron carbide phase by request is made to 
form, and the baking object acquired by the request, and / complete this invention ]-it thing. 
Moreover, according to this invention, the high oxidation resistance Si sinking-in composite 
material with which the silica-boron oxide phase is formed in som^of these composite material 
is offered at least. 

[0006] The high oxidation resistance Si sinking-in composite material concerning this invention 
Fundamentally 25 % of the weight - 65% of the weight of carbon, and 1 % of the weight - 1 0% 
of the weight of metal silicon and 1 0 % of the weight - 50% of the^weight of silicon carbide, It 
consists of 0 % of the weight - 1 0% of the weight of boron carbide* and is formed in one 
between the yarn aggregates with which the matrix which consists of a Si-SiC system 
ingredient and a boron carbide phase at least consists of a carbori fiber unified so that it might 
be together put in three dimensions and might not dissociate mutually. Of course, although 
boron carbide is an arbitration component, in order to strengthen oxidation resistance more, it 
is desirable [ boron carbide ] to be contained at least 0.1 % of the weight. By the way, in order 
to make a Si-SiC system ingredient form so that it may mention later, as for the thickness, it is 
desirable that there is at least 0.01mm. It is desirable that it is furthermore at least 0.05mm or 
more, and it is much more desirable that it is at least 0.1mm or more. 
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[0007] The above-mentioned carbon consists of a carbon fiber substantially. Although ****** 
rare ****** also has the good free carbon of the graphite currently formed in the front face of 
the thing of the auxiliary material origins by consisting of a carbon-fiber substantially, such as a 
binder, or the carbon fiber itself, the carbon which forms the frame section means consisting of 
carbon fibers in principle. Furthermore, in a new high oxidation resistance Si sinking-in 
composite material concerning this invention, it is desirable to have the inclination presentation 
to which the content ratio of silicon rises according to said matrix separating from said yarn. 
Moreover, as for the above-mentioned high oxidation resistance Si sinking-in composite 
material, porosity is preferably controlled to 0.5% - 3% 1 0% or less. 
[0008] 

[Embodiment of the Invention] The Si-SiC system ingredient which consists of silicon carbide 
with which the high anti-oxidation Si sinking-in composite material conceming this invention 
was formed in the inside of a carbon fiber bundle and a carbon fiber bundle, or the perimeter of 
a carbon fiber bundle, and metal silicon, The frame section currently formed from the boron 
carbide which may be contained by the request, It becomes the Si-SiC system ingredient 
which consists of silicon carbide and metal silicon from the matrix currently formed of the boron 
carbide which may be contained by the request. It consists of composite material which 
consists of ceramics which is formed in [ said matrix and said frame section ] one, and has 
10% or less of porosity, and carbon. 

[0009] As mentioned above, the high oxidation resistance Si sinking-in composite material 
concerning this invention It consists of silicon carbide, metal silicdr); carbon that consists of a 
carbon fiber substantially, and boron carbide which may be contained by the request. The 
frame section, It is the high oxidation resistance Si sinking-in composite material which has the 
structure which is formed in the perimeter of the frame section anCcpnsists of a matrix. A 
carbon fiber bundle, The Si-SiC system ingredient which consistsMsilicon carbide formed in 
the inside of a carbon fiber bundle, or the perimeter of a carbon fiber bundle, and metal silicon, 
The frame section formed from the boron carbide which may be; contained by the request, 
They are the Si-SiC system ingredient which consists of silicon carbide and metal silicon, and 
the composite material with which it has the matrix formed of the bbeon carbide which may be 
contained by the request, or the silica-boron oxide phase is formed in the part. 
[0010] The frame section makes the bundle of a carbon fiber contain phenol resin powder etc. 
a powder-like binder and if needed. Prepare a carbon fiber bundle and the flexible coat which 
consists of plastics, such as thermoplastics, is formed in the perimeter of this carbon fiber 
bundle. After obtaining preform DOYAN as flexibility middle material, making this preform 
DOYAN into the shape of the shape of a sheet, and textile fabrics. by the approach indicated by 
JP,2-80639,A and carrying out the laminating of the initial complement, the thing of the Plastic 
solid origin which might be fabricated with the hotpress is desirable.;Of course, the thing of the 
baking object origin which calcinates this Plastic solid and is obtained may be used. Here, a 
binder is a powder-like ingredient which acts as a matrix of the Plastic solid which consists of a 
carbon fiber bundle before sinking in metal silicon and/or silicon carbide, or a baking object, 
and the pitch which serves as free carbon to the bundle of a carbori fiber, and the thing which 
made corks include are said after baking. 

[001 1] In this specification with a C/C composite A diameter usually bundles hundreds of - tens 
of thousands of carbon fibers around 10 micrometers, and forms a fiber bundle (yarn). This by 
the approach which covers this fiber bundle with thermoplastics, prepares preform DOYAN, 
and is indicated by JP,2-80639,A The shape of a sheet, It is made the shape of textile fabrics. 
This shape of or a sheet, Or by arranging what was made into the shape of textile fabrics in- 
dimensional [ 2 ] or the direction of three dimensions, considering as an one direction sheet 
(UD sheet) or various crosses, and carrying out the laminating of the above-mentioned sheet 
or the cross Coats, such as thermoplastics which consists of the Organic substance which 
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forms the preforming object (fiber preforming) of a predetermined configuration, and is formed 
in the periphery of the fiber bundle of this preforming object, are calcinated, and what is 
obtained by carrying out carbonization removal of this above-mentioned coat is said. In 
addition, in this specification, the publication of JP,2-80639,A is quoted for reference. In C / C 
composite concerning this invention, carbon components other than the carbon fiber in the 
above-mentioned yarn are carbon powder preferably, and are the carbon powder graphitized 
especially preferably. ;\ 

[0012] What is necessary is just to carry out specified quantity mixing of metal silicon or silicon 
carbide, and the boron carbide that may be contained by the request at least at the time of 
preparation of preform DOYAN, in order to make the phase which consists of boron carbide 
which may be contained by a Si-SiC system ingredient and request form in the interior of yarn. 
What is necessary is just to carry out specified quantity mixing of {he boron carbide which 
reaches with metal silicon or silicon carbide at least, and may be contained by request, when 
preparing a sheet or a cross from preform DOYAN, in order to make the phase which consists 
of boron carbide which may be contained by a Si-SiC system ingredient and request on the 
surface of yarn form. A mixed approach has the indirect mixing approach which mixes by direct 
metal silicon and/or silicon carbide, and request to the various assistants used when carrying 
out the laminating of yarn, such as the approach and the binder which are mixed between the 
carbon fibers and the carbon fibers which constitute yarn for boron carbide, or between yarn 
and yarn, and phenol resin, and the time of preparation of a yarn array object or a yarn array 
object and preparing a sheet or a cross, and is used. In order to mix to homogeneity, the 
indirect mixing approach is desirable. 

[0013] Although the amount of metal silicon and/or the silicon carbide used changes also with 
design engine performance, about 1 1 % - 60% of within the limits is usually enough for it to the 
total weight of the high oxidation resistance Si sinking-in composite? material concerning this 
invention. Moreover, as an amount of the boron carbide which matebe contained by request, it 
is 0 - 10% of within the limits to the total weight of high oxidation resistance Si sinking-in 
composite material. Of course, at least, since the phase which consists of boron carbide which 
may be contained by a Si-SiC system ingredient and request should just be formed as a 
matrix, it does not need to infiltrate these ingredients into all on the interior of yarn, or the front 
face of yarn according to the military requirement for every application. 
[0014] In the high oxidation resistance Si sinking-in composite material concerning this 
invention, the carbon fiber bundle currently formed from two or more carbon fibers and the 
thing from which the carbon fiber bundle serves as the above C/Qvcomposites are preferably 
used as an ingredient which constitutes the frame section. The boron carbide phase which 
may be formed of the Si-SiC system ingredient and the request is formed in the front face 
and/or the interior of a carbon fiber which constitute each of that yarn. However, a part of 
carbon fiber [ at least ] which constitutes each carbon fiber bundle needs to hold the structure 
as a carbon fiber, without a reaction with metal silicon and/or silicon. carbide breaking, and, 
thereby, the mechanical strength which the carbon fiber originally has is held mostly. 
Therefore, the C/C composite which has the structure where some [ at least ] carbon fibers 
tend to remain as a carbon fiber, without silicon-carbide-izing is desirable. And since it has the 
structure where the matrix which consists of boron carbide which may be contained by the Si- 
SiC system ingredient and the request among phase next door **** yarn in the yarn aggregate 
in the inside of a carbon fiber bundle was formed, oxidation resistance will be strengthened. 
[0015] In this invention, a Si-SiC system ingredient is the generic name of the ingredient which 
contains silicon and silicon carbide as a principal component. This Si-SiC system ingredient is 
formed of a reaction with the carbon fiber and metal silicon which are formed when 
manufacturing the high oxidation resistance composite material concerning this invention, or 
silicon carbide. For example, combine the yarn array object formedTrom the carbon fiber 
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bundle, and a yarn array object with the binder which added metal silicon and/or silicon 
carbide, and a Plastic solid is acquired. Carbonize this at 700-1 200 degrees C, and it 
calcinates at further 1500-3000 degrees C. The phase which becomes at least the part which 
exists in the front face of a carbon fiber and a carbon fiber, and which free carbon, and the 
metal silicon and/or the silicon carbide of the binder origin were made to mainly react, and was 
formed only from silicon carbide substantially, and the phase which remains while metal silicon 
has been unreacted say the ingredient which changes continuously! 
[0016] until [ namely, / some of ] it results [ from the silicon phase $hich becomes a Si-SiC 
system ingredient from the silicon which remains in the unreacted 'condition ] in almost pure 
silicon carbide - difference - the SiC coexistence phase containing:^ phase from which the 
content of silicon is changing to the silicon carbide phase in inclination although it consists of a 
silicon phase and a silicon carbide phase typically may be included.^herefore, a Si-SiC 
system ingredient is the generic name of the ingredient contained Within the range from zero- 
mol% to 50-mol% as carbonaceous concentration in a Si-SiC sequence in this way. In the high 
oxidation resistance compound member concerning this inventions the Si-SiC system 
ingredient may be formed also in the inside of a carbon fiber bundle] and/or the front face of a 
carbon fiber bundle not to mention the matrix section. 

[0017] Moreover, this high oxidation resistance Si sinking-in composite material has the matrix 
which has the inclination presentation to which the content ratio of silicon rises preferably 
according to separating from the front face of yarn. Moreover, in this high oxidation resistance 
Si sinking-in composite material, the yarn aggregate which consists of a carbon fiber consists 
of two or more yarn array objects preferably, each yarn array object is formed by arranging the 
yarn which bundled and constituted the carbon fiber of a specific number two-dimensional 
almost in parallel, respectively, and the yarn aggregate is constituted by carrying out the 
laminating of each yarn array object. By this, high oxidation resistance Si sinking-in composite 
material will have the laminated structure which carried out the laminating of the yarn array 
object of two or more layers in the specific direction. 

[0018] In this case, especially the thing that the longitudinal direction, of each yarn in an 
adjoining yarn array object crosses mutually from the point of the reinforcement of a matrix is 
desirable. It is because distribution of stress is further promoted b§ps. The longitudinal 
direction of the yarn in an adjacent yarn array object lies at right aj|§ies preferably especially. 
Moreover, the matrix forms the three-dimensional network preferably by continuing mutually in 
high oxidation resistance Si sinking-in Composite material, in this%$e, each yarn array which 
the matrix is arranged two-dimensional almost in parallel in each yifri' array object, and adjoins 
each other preferably especially - the matrix currently generated inside of the body is 
continuing mutually, and the matrix forms the three dimensional grating by this. Moreover, 
although the gap of adjacent yarn may be filled up with the matrix 100%, also when the matrix 
is filled up with the part among the gaps of yarn, it contains! 

[0019] The phase which consists of boron carbide which may be contained by the Si-SiC 
system ingredient and the request may be formed also in the interior of a carbon fiber bundle, 
and/or this front face not to mention generating the high anti-oxidation Si sinking-in composite 
material concerning this invention along the front face of yarn, as the boron carbide which may 
be contained by the Si-SiC system ingredient and the request showed typically drawing 2 as a 
matrix. The boron carbide which may be contained by the request on a matrix, the interior of a 
carbon fiber bundle, and/or this front face is these parts, and may unite with a Si-SiC system 
ingredient, or the sea which consists island-like independently of a Si-SiC system ingredient 
may be dotted with it. As mentioned above, since the basic frame of a bicomponent fiber is 
strengthened by the boron carbide which may be contained by the Si-SiC system ingredient 
and the request, oxidation resistance will be strengthened. If boron (carbide is contained, since 
the oxidation resistance at the time of an elevated temperature wilpincrease by leaps and 
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bounds, it is desirable. It is desirable from the field on an anti-oxidation disposition to be 
formed in the maximum front face of the high anti-oxidation Si sinking : in composite material 
which requires the phase of boron carbide for this invention still more preferably. 
[0020] The high oxidation resistance Si sinking-in composite material concerning this invention 
In the specific interior and/or the specific front face which carried out the number array, the 
yarn by which the Si-SiC system ingredient phase may be formed in the interior and/or the 
front face which consist of a carbon fiber bundle The frame section which consists of a C/C 
composite which has the three-dimensional structure which consists of a yarn aggregate 
constituted by carrying out the laminating of the yarn array object with which the Si-SiC system 
ingredient phase is formed, When this frame section is constituted, it is the composite material 
which consists of a Si-SiC system ingredient formed in the shape of a three-dimensions-grid as 
a matrix between yarn. By allotting the matrix layer which consists of a Si-SiC system 
ingredient which the dynamic friction coefficient in ordinary temperature is within the limits of 
0.1-0.5, and has oxidation resistance, creep resistance, and spallirtg/esistance to a front face, 
the high oxidation resistance Si sinking-in composite material concerning this invention can 
conquer the low oxidation resistance which C/C composite has, and it can be used for it as 
the sliding material unavoidably put to the bottom of an elevated temperature under oxygen 
existence, a member for brakes, etc. . '< 

[0021] Since porosity is preferably controlled to 0.5% - 3% 10% orless, there are very few 
amounts of fluctuation by change of the perimeter environment of.g dynamic friction coefficient, 
and the stable brake performance is demonstrated. The abrasion' josis under a high 
temperature service is [ hour ] 0.6%/hour or less more preferably 1 .0% /or less at 500 degrees 
C. Moreover, it has the abrasion resistance which took in the outstanding abrasion resistance 
which silicon carbide originally has. Moreover, the high oxidation resistance Si sinking-in 
composite material concerning this invention shows the extremely excellent anti-oxidation 
property also within the elevated-temperature ambient atmosphere held at 600 degrees C. 
That is, it is a showing [ the weight decrement in the inside of this elevated-temperature 
ambient atmosphere containing the oxygen whose weight decrentents in the inside of this 
elevated-temperature ambient atmosphere containing 1 % of oxygen are 25% or less and 
1 ,000 ppm / the weight decrement in the inside of this elevated-temperature ambient 
atmosphere which contains the oxygen which is 100 ppm 3% or less is the level which can be 
substantially called zero, and ]-very high anti-oxidation property thing. It is thought that this is 
because the Si-SiC system ingredient phase is formed also in the interior and/or the front face 
of a carbon fiber as mentioned above besides the matrix section. "% 
[0022] In the case of the high oxidation resistance Si sinking-in composite material concerning 
this invention Since the Si-SiC system ingredient phase not only forms the matrix, but is 
formed in the interior and/or the front face of yarn and/or a yarn array object Since the rate 
which a Si-SiC system ingredient fuses, serves as glass, and protects the frame section from 
oxygen is earlier than the diffusion rate inside [ of oxygen ] the frahne.section, The situation 
which oxidizes by the oxygen which the carbon fiber used as the frame section has diffused 
can be avoided, and the frame section can be protected from oxidation. Therefore, in the case 
of the high oxidation resistance Si sinking-in composite material concerning this invention, 
since self-repair nature is shown, it becomes usable over a long period of time more. This 
phenomenon will become much more remarkable, if boron carbide is contained. Although the 
reason is not certain, the glass phase which oxygen, boron carbide and silicon carbide, and/or 
metal silicon oxidize to coincidence, and become from boron oxide.and a silica is formed in a 
carbon fiber front face, and it is thought that it is because the so-called grading phenomenon 
which covers the front face occurs. 

[0023] When unlike the time only of silicon carbide and/or metal silicon boron carbide unites 
and is contained, and boron carbide oxidizes to coincidence, it is imagined as what is 
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depended on a grading phenomenon being promoted. Therefore, it Is usable as members for 
manufacturing installations, such as various members for metal molH used in the case of 
processings, such as metal goods with which repeating a rapid temperature up and cooling 
and performing them is called for, glassware, and a ceramic product, or these metal goods, 
glassware, and a ceramic product. 

[0024] As mentioned above, the compound member concerning this invention which has 
already changed into the condition of not carrying out grading any more as a result of carrying 
out grading It consists of silicon carbide, metal silicon, carbon that consists of a carbon fiber 
substantially, and silica-boron oxide. The frame section, It is the high oxidation resistance Si 
sinking-in composite material which has the structure which is formed in the perimeter of the 
frame section and consists of a matrix, and at least 50% of silicon carbide is beta mold. The 
frame section The Si-SiC system ingredient which consists of silicon,carbide formed in the 
perimeter of a carbon fiber bundle, and the inside of a carbon fiber bundle or a carbon fiber 
bundle, and metal silicon, It is formed from this ingredient and the silica-boron oxide phase 
constituted in one. A matrix It is formed from the Si-SiC system ingredient which consists of 
silicon carbide and metal silicon, this ingredient, and the silica-boron oxide phase constituted in 
one. It is formed in [ said matrix and said frame section ] one, and Said composite material 
turns into having-10% or less of porosity quantity oxidation resistance Si sinking-in composite 
material. 

[0025] Of course, a matrix is possible also for promoting oxidation and manufacturing the Si- 
SiC system ingredient which consists of silicon carbide and metal ;si1icon, and the high 
oxidation resistance Si sinking-in composite material currently formed of the boron carbide 
which may be contained by the request compulsorily. In addition, not only when both not 
necessarily harmonize completely as one-like, but when both existence is accepted 
independently, as long as it will be in the condition that both' dissociate simply by the weak 
mechanical shock, it contains here. Therefore, the condition that ttie sea of a Si-SiC system 
ingredient is dotted with the island of boron carbide is also included. 
[0026] Moreover, from constituting the frame section by making into basic structure the yarn 
aggregate which consists of a carbon fiber bundle, it is lightweight and is that it is the 
ingredient which also suits the request of energy saving, since a carbon fiber does not staple- 
fiber-ize after matrix formation especially, a mechanical strength maintains - having - the yarn 
aggregate - setting - the longitudinal direction of the fiber of each yarn array object - mutual - 
- a crossover - since it lies at right angles preferably, the anisotrbpy of a configuration is not 
produced, either. The matrix which consists of free carbon formed fh the frame section is also 
rich in homogeneity. Therefore, since metal silicon distributes to homogeneity and the high 
oxidation resistance Si sinking-in composite material concerning this invention which metal 
silicon was infiltrated into this and manufactured reacts with carbohjthe presentation of the 
constituent in the specific volume is uniform. Since the presentations uniform, internal stress 
is not unevenly distributed. Therefore, even if it calcinates, it is hard to produce deformation, 
and the effectiveness that the cast of a large-sized and complicate&configuration and the light- 
gage large-sized cast which has a configuration complicated especially can be manufactured 
is demonstrated. 

[0027] Furthermore, since the frame section is a carbon fiber bundle, it is rich in toughness and 
has the outstanding shock resistance and high degree-of-hardness nature. Therefore, it 
became possible to conquer the elevated-temperature-proof abrasiveness which is the fault of 
a carbon fiber, with the property held which the carbon fiber currently used conventionally has. 
Moreover, since the continuous open pore is formed between the;yarn and yarn which consist 
of a carbon fiber bundle, to this pore, the phase formed from the boron carbide which may be 
contained by metal silicon and/or silicon carbide, the Si-SiC system ingredient as a matrix 
which boron carbide is infiltrated by request and made to form, and the request takes 
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continuation structure, and takes a three-dimensional network. Therefore, even if it starts 
which part, high heat dissipation nature, flexibility, etc. which have high abrasion resistance as 
compared with the carbon fiber used as the frame section, and the carbon fiber originally has 
are maintained. . '.!•• 

[0028] Suppose that only a Si-SiC system ingredient is formed for simplification of explanation, 
a thing is mentioned as an example, and the structural description of the high oxidation 
resistance Si sinking-in composite material concerning this invention is further explained using 
a drawing. Drawing 1 is an outline perspective view for explaining the frame section of the high 
oxidation resistance Si sinking-in composite material concerning thisMnvention, and drawing 2 
is the sectional view showing the cross-section structure of the compound member which 
takes like 1 voice for explaining the formation situation of a Si-SiC system ingredient which 
omitted structure in part in the high oxidation resistance Si sinking r in composite material 
concerning this invention. 

[0029] The frame of the high oxidation resistance Si sinking-in composite material 7 is 
constituted by the yarn aggregate 6 as shown in drawing 1 . The yarn aggregate 6 comes to 
carry out the laminating of the yarn array objects 1 A, 1 B, 1 C, 1 D, 1 E, and 1 F in the vertical 
direction. In each yarn array object, each yarn 3 is arranged two-dimensional and the 
longitudinal direction of each yarn is almost parallel. The longitudinal direction of each yarn in 
each yarn array object which adjoins each other in the vertical direction lies at right angles. 
That is, the longitudinal direction of each yarn 2A of each yarn array objects 1A, 1C, and 1 E is 
mutually parallel, and lies at right angles to the longitudinal direction of each yarn 2B of each 
yarn array objects 1 B, 1 D, and 1 F. Each yarn consists of a fiber bundle 3 which consists of a 
carbon fiber and carbon components other than a carbon fiber. Byrcarrying out the laminating 
of the yarn array object, the yarn aggregate 6 of a three dimensional grating configuration is 
constituted. Each yarn is crushed between pressing processes which 'are mentioned later, and 
has an ellipse form mostly. 

[0030] In each yarn array objects 1A, 1C, and 1E, the gap of each adjacent yarn is filled up 
with the matrix 8, and each matrix 8 is prolonged in it and parallel. aldng the front face of yarn 
2A. In each yarn array objects 1 B, 1 D, and 1 F, another matrix 8 is/fdrmed in the gap of each 
adjacent yarn, and this matrix 8 is prolonged in it and parallel along the front face of yarn 2B. 
As shown in drawing 2 , the matrix 8 which consists of a Si-SiC system ingredient is formed in 
the form which covers the front face of each yarn. Moreover, in the mode shown in drawing 2 , 
the Si-SiC system ingredient phase is formed in the interior of the yarn which is a carbon fiber 
bundle in the interior of a compound member. 

[0031] Respectively each matrix 8 is long and slender, is preferably prolonged in the shape of 
a straight line along the front face of yarn, and lies at right angles mutually [ each matrix 8 ]. 
And the matrix 8 in the yarn array objects 1A, 1C, and 1E and the matrix 8 in the yarn array 
objects 1 B, 1 D, and 1 F which intersect perpendicularly with this are continuing in the gap part 
of yarn 2A and 2B, respectively. Consequently, the matrix 8 forms the three dimensional 
grating as a whole. In a Si-SiC system ingredient phase, it is so desirable that it separates from 
the front face of the adjoining carbon fiber, respectively to have the; inclination presentation to 
which silicon concentration becomes high. As ingredients, such as ah object for brakes for 
members, and a member for grinding, it is desirable that the front face of high oxidation 
resistance Si sinking-in composite material is formed from the Si-SiC system ingredient phase. 

[0032] As for the thickness of the matrix layer formed by infiltrating a Si-SiC system ingredient 
into a baking object here, it is desirable that there is at least 0.01mm. A certain thing is still 
more desirable at least 0.05mm or more, and it is much more desirable that it is at least 0.1mm 
or more. It is because the endurance required as sliding material of the bottom of a high 
oxidation condition cannot fully be given when the thickness of this matrix layer is less than 
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0.01mm. 

[0033] Moreover, as for the concentration of the silicon which exists in the condition of having 
combined with carbon in the Si-SiC system ingredient phase, in the high oxidation resistance 
Si sinking-in composite material concerning this invention, it is desirable to become small 
toward the front face of the adjoining carbon fiber to the interior. In-the interior and/or the front 
face of a matrix and yarn, and/or a yarn array object, by giving an inclination to silicon 
concentration, the healing function to the defect of the corrosion resistance in strong acid-ized 
corrosive environment and reinforcement, the surface section, and the inner layer section can 
be raise remarkably, and thermal stress degradation of the ingredient by the coefficient of 
thermal expansion difference can be prevent further. This is because the silicon concentration 
of the surface section is relatively higher than the silicon concentration of the inner layer 
section, so healing of the generated micro crack is carried out during heating and it holds 
oxidation resistance. The effectiveness that the Si-SiC system ingredient phase formed in the 
interior and/or the front face of yarn and/or a yarn array object will show self-repair nature in 
this invention especially even if the unusual stress exceeding anticipation is applied and a part 
of carbon fiber is exposed to a front face by including this mode, although the mode by which 
the Si-SiC system ingredient phase is formed in the interior and/or the front face of yarn and/or 
a yarn array object is included is demonstrated. 6 . 

[0034] Moreover, since the boron carbide which may be contained in the high oxidation 
resistance Si sinking-in composite material of this invention has lubricity, by making the frame 
section which consists of a carbon fiber contain, also in the part ofthe frame section in which 
the Si-SiC system ingredient was made to form, it can maintain the.lubricity of fiber and can 
prevent the fall of toughness. In addition, as for the content of boron carbide, for example, it is 
desirable that it is 0.1 - 10 % of the weight to 100 % of the weightpf frame sections which 
consist of a carbon fiber. It is because the brittleness of boron carbide appears also in high 
oxidation resistance Si sinking-in composite material at less than 6^1 % of the weight when the 
effectiveness of the lubricative grant by boron carbide is not fully acquired but exceeds 10 % of 
the weight. ' 

[0035] Since it has the shock resistance of a C/C composite, high^egree-of-hardness nature 
and lightweight nature, the oxidation resistance of a Si-SiC system ingredient, spalling 
resistance, self-lubricity, abrasion resistance, etc., and it also has -self-repair nature further and 
can be equal to the use under high-temperature-oxidation conditions for a long period of time, 
such a high oxidation resistance Si sinking-in composite material of this invention can be 
suitably used as sliding material, a member for brakes, etc. 

[0036] The high oxidation resistance Si sinking-in composite material concerning this invention 
can be manufactured by the approach of explaining in full detail below preferably. Yarn and 
yarn which consist of a carbon fiber bundle of the carbon fiber by which the boron carbide 
which may be contained by at least one kind of ingredient chosen,frdm metal silicon and silicon 
carbide into the carbon fiber and request may be added, And/or, af least one kind of ingredient 
chosen from metal silicon and silicon carbide in the yarn array object and the yarn array object 
and the binder which added the boron carbide which may be contained by the request Or the 
process which calcinates the Plastic solid fabricated using the binder containing neither said 
metal silicon nor silicon carbide nor boron carbide, and forms a baking object, At least one kind 
of ingredient chosen as the acquired baking object from metal silicon, silicon carbide, and 
boron carbide by the request is added. Subsequently Passing the inert gas of 0.1 or more NLs 
per total indicator weight of 1 kg of the weight of a baking object, and the sum total weight of 
metal silicon and silicon carbide contained in a baking object While holding whenever [ furnace 
temperature ] for 1 hour or more with 1 100-1400 degrees C and the furnace internal pressure 
of 0.1-10hPa, fusing and infiltrating metal silicon and silicon carbide- inside [ of said baking 
object ] an open pore and making a Si-SiC system ingredient phase form By making a Si-SiC 
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system ingredient phase distribute boron carbide by request etc. By covering boron carbide 
further on the process in which the matrix which consists of a Si-SiC system ingredient phase 
and boron carbide which may be contained by the request is made to form, and the baking 
object acquired by the request, high oxidation resistance Si sinking-in composite material is 
manufactured. 

[0037] The high oxidation resistance Si sinking-in composite material applied [ 1st ] to this 
invention Yarn and yarn which consist of a carbon fiber bundle of the carbon fiber by which the 
boron carbide which may be contained by at least one kind of ingredient chosen from metal 
silicon and silicon carbide into the carbon fiber and request was added, And/or, at least one 
kind of ingredient chosen from metal silicon and silicon carbide in the yarn array object which 
arranged and constituted yarn, and the yarn array object, and the- bjnder with which the boron 
carbide which may be contained by the request was added are used. By calcinating the 
fabricated Plastic solid, it can manufacture also according to the process which forms in the 
inside of a carbon fiber, and/or the front face of yarn the baking object containing at least one 
kind of ingredient chosen from metal silicon and silicon carbide, and the boron carbide which 
may be contained by the request. 

[0038] The high oxidation resistance Si sinking-in composite material applied [ 2nd ] to this 
invention Yarn and yarn which consist of a carbon fiber bundle of. the carbon fiber by which the 
boron carbide which may be contained by at least one kind of ingredient chosen from metal 
silicon and silicon carbide into the carbon fiber and request was added, And/or, the process 
which calcinates the Plastic solid which fabricated the yarn array object and the yarn array 
object using the binder which neither metal silicon nor silicon carbide nor boron carbide 
contains, and forms a baking object, On the acquired baking object,, boron carbide is added by 
metal silicon and/or silicon carbide, and request. Subsequently Passing the inert gas of 0.1 or 
more NLs per sum total weight of 1 kg of the weight of a baking object, and the weight of the 
metal silicon contained in a baking object, and silicon carbide After holding whenever [ furnace 
temperature ] for 1 hour or more with 1 100-1400 degrees C and the furnace internal pressure 
of 0.1-10hPa, the temperature up of the temperature is carried out tb 1450-2500 degrees C. 
While fusing metal silicon and/or silicon carbide, and the boron carbide that is contained by 
request and may be, infiltrating it inside [ of said baking object ] ah- bpen pore and making a Si- 
SiC system ingredient phase form It is also possible to manufacturitfrom the process in which 
the matrix which consists of boron carbide which may be contairie<£by to distribute the boron 
carbide which may be contained in the Si-SiC system ingredient phfeise by the request etc. by 
the Si-SiC system ingredient phase and request is made to form; vyhen boron carbide is not 
included, melting and the temperature to infiltrate have desirable 1700-1800 degrees C. 
[0039] The high oxidation resistance Si sinking-in composite material applied [ 3rd ] to this 
invention Subsequently with the process which forms a baking object by the 1st approach, 
boron carbide is added by metal silicon and/or silicon carbide, and request like the 2nd 
approach on the acquired baking object. Subsequently Passing the inert gas of 0.1 or more 
NLs per sum total weight of 1 kg of the weight of a baking object, and the weight of all the metal 
silicon contained in a baking object, and all silicon carbide After holding whenever [ furnace 
temperature ] for 1 hour or more with 1 100-1400 degrees C and the furnace internal pressure 
of 0.1-10hPa, the temperature up of the temperature is carried out to 1450-2500 degrees C. 
Inside [ of said baking object ] an open pore Metal silicon and/or silicon carbide, While fusing 
the boron carbide which is contained by request and may be, infiltrating it and making a Si-SiC 
system ingredient phase form It is also possible to manufacture the matrix which consists of 
boron carbide which may be contained by to distribute the boron carbide which may be 
contained in the Si-SiC system ingredient phase by the request etc, by the Si-SiC system 
ingredient phase and request from a formation **** process. When boron carbide is not 
included, melting and the temperature to infiltrate have desirable 1700-1800 degrees C. 
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[0040] Although the high oxidation resistance Si sinking-in composite material applied [ 4th ] to 
this invention was obtained by one of approaches above, it can also be manufactured by 
carrying out thermal spraying of the boron carbide to the maximum front face, and covering it 
on it. Furthermore, the Plastic solid which covered with plastics, such as thermoplastics, by the 
approach given [ a carbon fiber bundle ] in JP,2-80639,A, obtained'preform DOYAN, made it 
the shape of the shape of a sheet and textile fabrics after this, manufactured the layered 
product after this, and was fabricated after this or the baking object of this Plastic solid, i.e., the 
thing which used C / C composite, is sufficient. In the case of a C/C composite, boron carbide 
may be added in a carbon fiber by metal silicon and/or silicon carbide, and request, or you may , 
add to a binder. Furthermore, you may add also on a baking object/ What is necessary is for 
there to be especially no limit in the addition approach, and just to add it by the approach 
considered to be suitable to it according to the addition stage, everiwhen adopting which 
approach. ii 
[0041] Next, in the 2nd above-mentioned manufacture approach, tfre case where C/C 
composite is used is taken for an example, and suppose that it exj^ains further. A carbon fiber 
bundle is produced by making the binder pitch of the shape of powder which finally serves as a 
matrix, and corks include to the bundle of a carbon fiber, and making phenol resin powder etc. 
contain if needed further. The flexible coat which consists of plasties, such as thermoplastics, 
is formed in the perimeter of a carbon fiber bundle, and preform DOYAN is obtained. After 
making this preform DOYAN into the shape of yarn and carrying opt the laminating of the initial 
complement, a Plastic solid is acquired by fabricating with a hotpre'ss under 300-2000 degrees 
C and **** -500 kg/cm2 conditions. Or it is made to carbonize at 70&-1200 degrees C if 
needed, this Plastic solid is graphitized at 1500-3000 degrees C, and a sintered compact is 
obtained. -k 

[0042] Which thing of the PAN system carbon fiber which uses a petroleum pitch or a coal-tar 
pitch as a raw material, carbonizes acrylonitrile (**) polymer fiber in preparation of the pitch for 
spinning, melt spinning, non-deliquesce, and the pitch based carbon fiber list carbonized and 
obtained, and is obtained is sufficient as a carbon fiber. As a carbon precursor required for 
formation of a matrix, although thermosetting resin, such as. phenol resin and an epoxy resin, 
and tar, a pitch, etc. are used, corks, various organic compounds, etc. may be included. It 
cannot be overemphasized that you may use it for these at least f in the 3rd approach among 
the above-mentioned approaches with a natural thing, carrying out addition mixing of the boron 
carbide by request with metal silicon or silicon carbide. ^! : - 

[0043] Subsequently, being added by metal silicon or silicon carblf e, and request at least with 
the baking object produced as mentioned above also holds a certgjn boron carbide for 1 hour 
or more with the temperature region of 1 100-1400 degrees C, ahdtfhe furnace internal 
pressure of 0.1-10hPa. Although the holding time may be changed Record ing to various 
factors, it should just be sufficient time amount to remove generating; gas, such as CO 
accompanying change to ceramics-izing of inorganic polymer thru/or an inorganic substance, 
from a firing environments, and prevent contamination of the firing/environments from the 
outside by 02 grade in atmospheric air. Moreover, it is desirable tq'fbrm in a baking body 
surface the phase which consists of boron carbide which may be contained by the Si-SiC 
system ingredient and the request, passing the inert gas more than 0.1 NLs (normal liter: 
equivalent to 5065I. in the case of 1200 degrees C and 0.1 hPa pressure) per sum total weight 
of 1kg of a Plastic solid or a baking object, and silicon in this case. Subsequently, a 
temperature up is carried out to the temperature of 1450-2500 degrees C, melting and the 
boron carbide which may be contained by the request while making it sink in and forming a Si- 
SiC system ingredient are made to form in a Si-SiC system ingredient phase in one silicon 
and/or silicon carbide, and the boron carbide that may be contained by the request inside [ of 
said baking object ] an open pore, and the phase which consists of a S i-SiC system ingredient 
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and boron carbide which may be contained by the request is made to form. In addition, when 
boron carbide is not included, melting and the temperature to infiltrate have desirable 1700- 
1800 degrees C. v 
[0044] At least, a baking object, and metal silicon or silicon carbide and the boron carbide 
added by request are held for 1 hour or more in the temperature of 1 100-1400 degrees C, and 
pressure of 0.1-10hPa, and it is desirable in that case 0.1 or more NLs and to control inert gas 
preferably to pass one or more NLs ten or more NLs still more preferably per sum total weight 
of 1kg of a baking object, and metal silicon and silicon carbide. Such by making it an inert gas 
ambient atmosphere at the time of baking (namely, melting of the boron carbide added by 
metal silicon or silicon carbide, and request at least, the phase before sinking in) Generating 
gas, such as CO accompanying change to ceramics-izing of inorganic polymer thru/or an 
inorganic substance, is removed from a firing environments. Moreover, the porosity of melting 
and the composite material sunk in and obtained is [ ingredients, such as the above-mentioned 
metal silicon and silicon carbide, ] low maintainable after that by preventing contamination of 
the firing environments from the outside by 02 grade in atmospheric air. 
[0045] Moreover, to a baking object, melting and in case it sinks in, .the temperature up of the 
ambient temperature is carried out for metal silicon and/or silicon carbide, and the boron 
carbide that may be contained by the request to 1450-2500 degre^C. In this case, firing 
furnace internal pressure has the desirable range of 0.1-10hPa. When boron carbide is not 
included, melting and the temperature to infiltrate have desirable 1700-1800 degrees C. 
[0046] As mentioned above, with sinking [ of covering of the carbofr fiber bundle (yarn) in 
flexibility ingredients, such as thermoplastics, and silicon, and/or silicon carbide ] in, and 
combination with melting, this flexibility ingredient pyrolyzes, a loriij. and slender open pore 
remains in yarn, yarn, and a gap in a baking object, and silicon and/or silicon carbide become 
easy to permeate to the back of a baking object along with this long and slender open pore. In 
process of this osmosis, silicon and/or silicon carbide react with the carbon of yarn, it 
carbonizes gradually from a yarn front-face side, and the high oxidation resistance Si sinking-in 
composite material used by this invention is made generated. In addition, according to an 
application, the high oxidation resistance Si sinking-in composite material which has such a 
configuration may be formed in a part of surface section of the fratrie section which consists of 
a C/C composite as the so-called high oxidation resistance Si sinkihg-in composite-material 
layer. Of course, the layer which consists of boron carbide may be formed in the maximum 
front face by thermal spraying. 

[0047] The rate of an open pore of a Plastic solid or a baking obje<%and its pore size perform 
accommodation of the thickness of the phase which consists of a S>i-SiC system ingredient 
which forms a matrix layer, and boron carbide which may be contained by the request. For 
example, in setting to 0.01 -10mm thickness of the phase which consists of a Si-SiC system 
ingredient and boron carbide which may be contained by the reqaj|tv the rate [ / near the front 
face of a Plastic solid or a baking object ] of an open pore is set atifeast, and it sets average 
pore size to 1 micrometers or more 5 to 50%. As for the rate of artopen pore of a Plastic solid 
or a baking object, it is desirable that it is 10 - 50%, and, as for average pore size, it is 
desirable to be referred to as 10 micrometers or more, if the rate of an open pore is made into 
less than 5% - a Plastic solid or baking — if a binder in the living body cannot be removed and 
it is made larger than 50% - the interior of the frame section - it is because it is deeply alike, a 
until Si-SiC system ingredient carries out sinking-in formation and jhe shock resistance of 
composite material falls. 

[0048] Moreover, in order to form a high oxidation resistance Si sinking-in composite-material 
layer only in the front face of a carbon fiber bundle, while the rate of an open pore near the 
front face calcinates, it is desirable to use the Plastic solid adjusted so that it might become 0.1 
- 30% at least. Namely, what is necessary is just to adjust the thickness to the carbon fiber 
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bundle of the coat of flexibility middle material which consists of the organic substance to 

pyrolyze. f. ' 

[0049] It carries out by arranging and fabricating from the inside, two or more preforming 

DOSHITO which consists the rate of an open pore of a Plastic solid, or a baking object of 

preforming DOYAN from which a binder pitch differs from a front face in order to make it 

become small toward the interior so that a binder pitch may become-large toward a surface 

side. 

[0050] Moreover, composite material is manufactured using the baking object adjusted so that 
the rate of the open pore near the front face might become small toward [ when establishing an 
inclination in the silicon concentration in the phase which consists of boron carbide which may 
be contained by the above-mentioned Si-SiC system ingredient and the request ] a front face 
to the interior, or the Plastic solid adjusted so that it might become small toward a front face to 
the interior at least while the rate of the open pore near the front face calcinates. In order to 
control the porosity of high oxidation resistance Si sinking-in composite material to 10% or 
less, in case metal silicon or silicon carbide, and the boron carbide that may be contained by 
the request are infiltrated into a baking object at least, it can carry out easily by adjusting the 
amount of metal silicon, silicon carbide, and boron carbide according to the rate of an open 
pore of a baking object. 

[0051] What is necessary is to face manufacturing sliding material, the member for brakes, etc. 
using the above-mentioned new high oxidation resistance Si sinking-in composite material, to 
carry out cutting processing of the composite material manufactured as mentioned above with 
a surface grinder etc. at a proper dimension, and just to manufactuffe by carrying out surface- 
grinding finishing in this invention. In the case of the large-sized member of a specific 
configuration, the laminating of the yarn which consists of carbon fiber bundles is carried out. 
While making the phase which consists of a Si-SiC system ingredieht and boron carbide which 
may be contained by the request by fabricating in a desired form first and calcinating this form 
in the interior and/or the front face of yarn and/or a yarn array object A baking object is formed. 
At least on this baking object Metal silicon or silicon carbide, It can manufacture by making the 
matrix which is made to carry out melting and consists the boron carbide which may be 
contained by the request of sinking in, and a Si-SiC system ingredieht and the boron carbide 
which may be contained by the request form. Especially the high oxidation resistance Si 
sinking-in composite material of this invention can be suitably used as the metal mold member 
as which the oxidation resistance under an elevated temperature is required, sliding material, a 
member for brakes, etc. Jh 
[0052] 

[Example] Next, although this invention is explained in more detaif using an example, this 
invention is not restricted to these examples. In addition, the oxidation resistance of the high 
oxidation resistance Si sinking-in composite material concerning this invention was evaluated 
from the approach shown below. 

[0053] (The oxidation-resistant evaluation approach) The oxygen density in an ambient 
atmosphere prepared a series of chambers adjusted to 10 ppm, 100 ppm, 1 ,000 ppm, 1%, or 
21 %, and set the temperature in each chamber as 600 degrees C^hus, in the prepared 
chamber, the sample for a trial was paid, respectively, and the sample was held in the 
condition for 100 hours, the sample was taken out after 100-hour progress, respectively, and 
the weight was measured, and weight percentage reduction (%) was boiled by the degree 
type, and it asked for it. '.' 

Weight percentage reduction (%) =[(W1-W0)/(W0)]x100 (however, W0 shows the weight of the 
sample before test initiation for the sample weight in a formula ancj after holding W1 in a 
chamber for 1 00 hours). 't 

[0054] (Example 1) Infiltrating FENORU resin into the bundle of a.earbon fiber with a diameter 
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of 7 micrometers which lengthened to the one direction and was arranged with it, the phenol 
resin and the binder which are the precursor of this thing, metal silicon, and matrix carbon in a 
bundle about 12,000 carbon fibers were mixed, it put into the tube made of polyethylene resin 
which is thermoplastics, and the yarn which is the smallest unit of the configuration of the 
frame section was prepared. The presentation of the yarn at this time consisted of 40% of the 
weight of a carbon fiber, phenol resin which is the precursor of 30% of the weight of matrix 
carbon, and 30% of the weight of metal silicon. Thus, the prepreg sheet was finished weaving 
using a series of prepared yarn. Thus, the initial-complement laminating of a series of prepared 
prepreg sheets was carried out, and this layered product was fabricated by 600 degrees C and - 
100kg/cm2 with the hotpress. This Plastic solid was calcinated atthe temperature of 2,000 
degrees C among nitrogen-gas-atmosphere mind, and the C/C composite with a thickness of 
20mm was obtained, the obtained C/C composite - using - Archimedes - the consistency 
measured by law - 1 .7 g/cm3 - it is - moreover - the same - Archimedes - the rate of an 
open pore measured by law was 10%. \ - 

[0055] Next, the obtained C/C composite was set up in the carbon crucible filled up with 99.8% 
of purity and the metal silicon powder of 1mm of mean diameters which consist of sufficient 
amount for porosity to become 5%. Subsequently, the carbon crucible was moved into the 
firing furnace. Holding the pressure in a firing furnace as it was, after processing a part for 
20NL/, and firing furnace internal pressure for the argon quantity of gas flow as 1300 degrees 
C and inert gas and processing 1hPa and its holding time for the temperature in a firing 
furnace as 4 hours, by carrying out the temperature up of whenever [ furnace temperature ] to 
1600 degrees C, metal silicon was infiltrated into C / C composite, and the high oxidation 
resistance Si sinking-in composite material of 5% of porosity was manufactured. 
[0056] When oxidation-resistant measurement was presented usirig the obtained high 
oxidation resistance Si sinking-in composite material, as it was shown in drawing 3 , the weight 
decrements in the inside of the ambient atmosphere which the weight decrement in the inside 
of the ambient atmosphere in which the weight decrement in the . inside of the ambient 
atmosphere containing 1% of oxygen contains 1,000 ppm oxygen ibout 25% is about 3%, and 
contains 100 ppm oxygen were very few, and it was what is extent which can be substantially 
called zero. When it compared with the C/C composite examined 46 coincidence, the 
percentage reduction in 1,000 ppm was about 1/10 or less, and ey.eh if it compared with Si 
sinking-in composite material manufactured with the conventional method, it was one or less 1 
or less and under 1 ,000 ppm existence of oxygen under 1% of oxygen existence in about 3 
minutes in 2 minutes. It turns out that the high oxidation resistance' Si sinking-in composite 
material applied to the invention in this application from this shows the extremely excellent 
anti-oxidation property. 

[0057] (Example 2) Infiltrating FENORU resin into the bundle of a'carbon fiber with a diameter 
of 7 micrometers which lengthened to the one direction and was airanged with it, the phenol 
resin and the binder which are the precursor of this thing, metal silicon, and matrix carbon in a 
bundle about 12,000 carbon fibers were mixed, it put into the tube made of polyethylene resin 
which is thermoplastics, and the yarn which is the smallest unit of the configuration of the 
frame section was prepared. The presentation of the yarn at this time consisted of 40% of the 
weight of a carbon fiber, phenol resin which is the precursor of 30% of the weight of matrix 
carbon, and 30% of the weight of metal silicon. Thus, the prepreg sheet was finished weaving 
using a series of prepared yarn. Thus, the initial-complement laminating of a series of prepared 
prepreg sheets was carried out, and this layered product was fabricated by 600 degrees C and 
100kg/cm2 with the hotpress. This Plastic solid was calcinated at the temperature of 2,000 
degrees C among nitrogen-gas-atmosphere mind, and the C/C composite with a thickness of 
20mm was obtained, the obtained C/C composite - using - Archimedes - the consistency 
measured by law - 1 .7 g/cm3 - it is - moreover - the same - Archimedes - the rate of an 
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open pore measured by law was 10%. 

[0058] Next, obtained C / C composite were set up in the carbon crucible filled up with 99.8% 
of purity and the metal silicon powder of 1mm of mean diameters which consist of sufficient 
amount for porosity to become 5%, and boron carbide. Subsequently, the carbon crucible was 
moved into the firing furnace. Holding the pressure in a firing furnace as it was, after 
processing a part for 20NL/, and firing furnace internal pressure for the argon quantity of gas 
flow as 1300 degrees C and inert gas and processing 1hPa and its holding time for the 
temperature in a firing furnace as 4 hours, by carrying out the temperature up of whenever 
[ furnace temperature ] to 1600 degrees C, metal silicon and boron carbide were infiltrated into 
the C/C composite, and the high oxidation resistance Si sinking-in;composite material of 5% of 
porosity was manufactured. f . 

[0059] When oxidation-resistant measurement was presented usiri| the obtained high 
oxidation resistance Si sinking-in composite material, as it was shotyn in drawing 3 , the weight 
decrements in the inside of the ambient atmosphere which the weight decrement in the inside 
of the ambient atmosphere in which the weight decrement in the insjde of the ambient 
atmosphere containing 1% of oxygen contains 1,000 ppm oxygen about 2% is 0.3%, and 
contains 1 00 ppm oxygen were very few, and it was what is extentf&hich can be substantially 
called zero. When it compared with the C/C composite examined tp/£Oincidence, the 
percentage reduction in 1,000 ppm was about 1/10 or less, and ev.e'h if it compared with Si 
sinking-in composite material manufactured with the conventional method, it was one or less 1 
or less and under 1 ,000 ppm existence of oxygen under 1% of oxygen existence in about 3 
minutes in 2 minutes. It turns out that the high oxidation resistance Tsi sinking-in composite 
material applied to the invention in this application from this shows.the extremely excellent 
anti-oxidation property. 
[0060] 

[Effect of the Invention] As for a new high oxidation resistance Si sinking-in composite material 
of this invention, oxidation resistance is strengthened remarkably. Therefore, it can be said that 
it has the property which was extremely excellent as a member for brakes of the engines for 
large-sized transportation the member for metal mold as which the oxidation resistance under 
an elevated temperature is required highly, sliding material, for aircrafts, etc. Since it has the 
high elevated-temperature-proof property, it is suitably used also as a member for metal 
molten metals used under the conditions put to an elevated temperature. 



[Translation done.] 
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